Background: Many variants of dermatofibromas have been described, and being aware of the variants of dermatofibromas is important to avoid misdiagnosis. Objective: We wanted to evaluate the clinical and pathologic characteristics of 122 cases of dermatofibromas. Methods: We retrospectively reviewed the medical records and 122 biopsy specimens of 92 patients who were diagnosed with dermatofibroma in the Department of Dermatology at Eulji Hospital of Eulji University between January 2000 and March 2010. Results: Nearly 80% of the cases occurred between the ages of 20 and 49 years, with an overall predominance of females. Over 70% of the lesions were found on the extremities. The most common histologic variant was a fibrocollagenous dermatofibroma (40.1%). Other variants included histiocytic (13.1%), cellular (11.5%), aneurysmal (7.4%), angiomatous (6.5%), sclerotic (6.5%), monster (4.9%), palisading (1.6%) and keloidal dermatofibromas (0.8%). There were 9 dermatofibromas (7.3%) that were the mixed type with two co-dominant histologic features. Conclusion: The results of this study are consistent with previous reports on the clinical features of dermatofibromas. However, we observed several characteristic subtypes of dermatofibroma and we compared the frequency of the histologic subtypes. 
INTRODUCTION
Dermatofibroma (benign fibrous histiocytoma) is a common skin lesion and it accounts for approximately 3% of the skin lesion specimens received by one dermatopathology laboratory 1 . There is a predilection for dermatofibroma to develop on the extremities, and particularly on the lower extremities of young adults. There is a female preponderance amongst the patients with dermatofibroma 1 . Dermatofibroma is round or ovoid, firm, dermal nodules and they are usually ＜1 cm in diameter 2 . The diagnosis is usually straightforward if the classical clinical and pathologic features are evident. However, many variants of dermatofibromas have been described, and knowledge of these variations is important to avoid a misdiagnosis of a possibly more aggressive tumor. The main histologic variants include fibrocollagenous, cellular 3 , histiocytic 4 , lipidized 5 , angiomatous 6 , aneurysmal 7 , clear cell 8 , monster cell 9 , myxoid 10 , keloidal 11 , palisading 12 , osteoclastic 13 and epithelioid dermatofibroma 14 .
There are no prior Korean reports regarding the detailed classification of the histologic features of dermatofibromas. Therefore, we report here on a series of 122 cases of dermatofibroma and we discuss the clinical and histopathologic features.
MATERIALS AND METHODS
We performed a retrospective review of the medical records and 122 biopsy specimens of 92 patients who were diagnosed with dermatofibroma in the Department of Dermatology at Eulji Hospital of Eulji University between January 2000 and March 2010.
Clinical features
The following clinical data was collected: age, gender, duration, size, number, the distribution of the lesions, symptoms, color, a history of trauma, the clinical configuration and the clinical diagnosis of the lesions.
Histopathologic features
All of the cutaneous samples were fixed in formalin, processed and embedded in paraffin. The sections were stained with hematoxylin and eosin. The samples were classified as variants of dermatofibromas (fibrocollagenous, sclerotic, cellular, histiocytic, aneurysmal, angiomatous, keloidal, monster, palisading and mixed) according to the dominant pathologic features. When the cellular type of dermatofibroma was suspected, immunohistochemical staining (CD34 and factor XIIIa) was performed to differentiate it from a dermatofibrosarcoma protuberans (DFSP). In addition, the depth of invasion, the epidermal changes (hyperkeratosis, acanthosis and basal layer hyperpigmentation), the presence of a grenz zone, formation of lymphoid nodules and mucin deposition were determined.
Statistical analysis
Statistical analysis was performed using the χ 2 test and
Fisher's exact test, where appropriate. p-values ≤0.05 were considered statistically significant. All the data was analyzed using SPSS 12.0 (SPSS Inc., Chicago, IL, USA).
RESULTS

Clinical findings
1) The age and gender ratio
Among the 92 studied patients, dermatofibroma was more common in females than in males (26 and 68, respectively; the male-to-female ratio was 1:2.6). The youngest patient was 8 years of age and the oldest patient was 72 years of age, and the mean age was 36.2 years. Greater than 80% of the tumors were diagnosed in patients between 20 and 49 years of age. The highest frequency of tumor according to age was between 20 and 29 years of age (31.5%; Fig. 1 ).
2) Duration, size, color, number and clinical configuration of the lesions
The number of tumors that persisted for ＜2 years was 71 (58.2%) and 51 tumors (41.8%) persisted for ＞2 years.
The size of the tumor on examination varied from 0.3∼5 cm, with most of the tumors ＜2 cm in size (n=117, 85.2%; Fig. 2 ). The tumors appeared as various colored lesions. The most common color was brown (n=51, 41.8%). The second most common color was pink-red (n=40, 32.8%), followed by skin color (n=28, 23.0%). Three cases (2.45%) were blue in color. The majority of the patients had a single lesion (n=74, 80.4%; Fig. 3 ). Based on the clinical configuration of the lesion, the tumors were divided into the following four groups: flat, dome-shaped, polypoid and depressed. The most common configuration was dome-shaped (n=84, 68.9%; Fig. 4 ).
3) Distribution of the lesions
The most common location of tumors was the legs (n=52, 42.6%), followed by the arms (n=37, 30.3%). Table 1 lists the distribution of the dermatofibromas. The arms, legs, buttocks, chest, face, abdomen, back, hand, and feet were affected in decreasing frequency. No dermatofibroma was observed on the scalp or neck (Fig. 5 ).
4) History of trauma and symptoms
Three tumors occurred at the site of an insect bite, and one case occurred at the site of a piercing. Most of the tumors were asymptomatic (n=71, 58.2%). Twenty-five (20.5%) tumors were tender, 14 were painful (11.5%) and 12 tumors were pruritic (58.2%).
5) Clinical diagnosis of the lesions
The correct pre-operative diagnosis was made in 100 cases (82.2%). The most common clinical impression was a dermatofibroma with a wide range of other possible diagnosis, including an epidermal cyst (8.7%), pilomatricoma (3.5%), eccrine poroma (2.9%), dermatofibrosarcoma protuberans (2.9%), intradermal nevus (2.9%), leiomyoma (2.9%), keloid (2.9%), soft fibroma (1.5%) and trichilemmal cyst (1.5%). 6 . Classification into the variants of dermatofibroma. The most common histologic variant was a fibrocollagenous dermatofibroma (n=49, 40.1%), followed by histiocytic (n=16, 13.1%), cellular (n=14, 11.5%), aneurysmal (n=9, 7.4%), angiomatous (n=8, 6.5%), sclerotic (n=8, 6.5%), monster (n=6, 4.9%), palisading (n=2, 1.6%) and keloidal dermatofibroma (n=1, 0.8%).
Histopathologic features 1) Classification into the variants of dermatofibromas
The most common variant was a fibrocollagenous dermatofibroma (n=49, 40.1%). The other variants included histiocytic (n=16, 13.1%), cellular (n=14, 11.5%), aneurysmal (n=9, 7.4%), angiomatous (n=8, 6.5%), sclerotic (n=8, 6.5%), monster (n=6, 4.9%), palisading (n=2, 1.6%) and keloidal dermatofibroma (n=1, 0.8%). There were 9 mixed-type dermatofibromas (7.3%) with 2 codominant histologic features ( Fig. 6 and 7) .
2) Other histopathologic features
The triad of epidermal changes included hyperkeratosis, acanthosis and basal layer hyperpigmentation. Hyperkeratosis, acanthosis and basal layer pigmentation were noted in 67.2%, 75.4% and 72.1% of the samples, respectively, and a grenz zone was noted in 71.3% of the samples. For the aneurysmal-type dermatofibroma, acanthosis was observed at a lower rate than that for the other subtypes of dermatofibromas (33.3%; p＜0.05). Basal pigmentation was observed at a lower rate in the cellular-type dermatofibromas (42.9%; p＜0.05). There was no specific subtype that was differed from the other subtypes according to the presence of grenz zone formation (p＞0.05). The depth of invasion of the tumor was the dermis, superficial subcutis and deep subcutis in 57.4%, 39.3% and 3.3% of the tumors, respectively. Greater than one-half of the cases of the cellular (50%), aneurysmal (77.8%) and monster types of dermatofibroma (66.7%) had invaded the subcutaneous tissues. However, only the aneurysmal type of dermatofibroma had statistical significance with respect to a deep depth of invasion to the subcutaneous tissues (p＜0.05). The presence of lymphoid nodules in the dermo-subcutaneous junction was observed in 9.8% of the tumors, and mucin deposition was noted in 18.9% of the tumors. Lymphoid nodules were observed in 16.3% of the fibrocollagenous types of dermatofibroma, which was a higher frequency compared to that of the other subtypes of dermatofibroma (p＜0.05). The cellular type of dermatofibroma had the highest frequency of mucin deposition (28.6%; p＞0.05), yet there was no specific subtype that was differed from the other subtypes according to mucin deposition (p＞0.05; Table 1 ; Fig. 8 ).
DISCUSSION
Dermatofibroma is one of the most common types of benign, cutaneous, soft tissue tumors. Dermatofibroma is most often found in the middle-aged adults and it has a slight female predominance. The majority of lesions are located on the limbs or the trunk, and they present as small, raised, hyperkeratotic, cutaneous nodules ＜1 cm in diameter with a red-brown surface. A significant proportion of cases are associated with minor local trauma, and especially insect bites 15 . The lesions are most often solitary, but 2∼5 lesions are present in approximately 10% of individuals 4 . In the current study, most of the clinical characteristic features were consistent with those of the previous reports 16, 17 .
The results showed that most tumors presented at between 20 and 49 years of age with an overall predominance of females. Over 70% of the cases occurred on the extremities, and they appeared dusky brown in color with a smooth surface. However, unlike the previous reports, the most common diameter in our study was 1∼2 cm (48.4%). Indeed, prior Korean studies have reported the most common diameter to be 1∼5 mm 16, 17 . Only 3 cases of the tumor occurred at sites of insect bites and most of the tumors were asymptomatic (58.2%). In addition, more than 2 lesions were present in 14.7% of the patients. Histopathologically, dermatofibroma is composed of a variable mixture of fibroblast-like cells, histiocytes (some of which may be xanthomatous or multinucleate) and blood vessels. The term 'nodular subepidermal fibrosis,' 'histiocytoma' and 'sclerosing hemangioma' have been used in the past for variants in which one of the three components predominated. The lesions are currently referred to as the fibrocollagenous, histiocytic, and aneurysmal variants to reflect the difference in composition 18 . In addition, numerous other variants have recently been described. The 122 cases of dermatofibromas were classified into variants according to the dominant pathologic features. The most common variant was a fibrocollagenous dermatofibroma (40.1%). The other variants included histiocytic (13.1%), cellular (11.5%), aneurysmal (7.4%), angiomatous (6.5%), sclerotic (6.5%), monster (4.9%), palisading (1.6%) and keloidal dermatofibroma (0.8%), in decreasing frequency. In addition, the tumors that occurred simultaneously in one patient tended to have similar histologic features. The fibrocollagenous type of dermatofibroma has a predominance of collagen and fibroblast-like cells in an irregular or whorled arrangement 18 . One variant of the fibrocollagenous type, the 'palisading dermatofibroma,' has nuclear palisading and prominent verocay-like bodies in part of the lesion 12 . The cases with a prominent storiform pattern are referred to as cellular dermatofibroma 3 . The histiocytic variant has nests and sheets of histiocytes in a poorly cellular collagenous stroma. There are often many foam cells and giant cells, which may be the foreign body or touton type. Hemosiderin and lipid are commonly present 4 . In the angiomatous (vascular variant) type, there are numerous small branching vessels in a variable collagenous stroma 6 . The aneurysmal variant is distinct, with blood-filled spaces occupying up to one-half of the lesion. The vascular channels are surrounded by histiocytes that contain hemosiderin, foam cells and fibroblasts 7 . In addition, large, bizarre cells with abundant foamy cytoplasm and hyperchromatic nuclei have been reported in some dermatofibromas. These 'monster cells' can be binucleated or multinucleated 9 . Two other rare variants are the keloidal dermatofibroma with areas of thick eosinophilic collagen, and the sclerotic dermatofibroma with areas of sclerosis 11, 19 .
Dermatofibroma is a poorly demarcated tumor centered on the dermis. There is sometimes extension into the superficial subcutis, which may take the form of a septal extension or a well-demarcated bulge 20 . A pure subcutaneous form is exceedingly rare 21 . The results of the current study showed that 39.3% of the cases invade the subcutis and 3.3% of the cases invade the deep subcutis. Greater than one-half of the cases of the cellular (50%), aneurysmal (77.8%) and monster types (66.7%) had invaded the subcutaneous tissue. In addition, the aneurysmal type was statistically significant with respect to the depth of invasion (p＜0.05). There were no cases with the pure subcutaneous form of a dermatofibroma. Dermatofibromas, including the variants, may be associated with acanthosis or hyperplasia of the overlying epidermis and hyperpigmentation of the basal layer 22 . It has been suggested that epidermal growth factor may play a role in the pathogenesis of the epidermal hyperplasia 23 .
In the current study, the aneurysmal type of dermatofibroma had a lower frequency of acanthosis (33.3%) and the cellular type of dermatofibroma had a lower frequency of basal pigmentation (42.9%; p＜0.05). However, there were no specific subtype differences from the other subtypes according to the presence of the grenz zone.
Other histologic changes observed with dermatofibroma include the presence of lymphoid nodules and mucin deposition 10, 24 . The presence of lymphoid nodules at the dermo-subcutaneous junction was observed in 9.8% of the cases in our study, and mucin deposition was noted in 18.9% of the cases. Lymphoid nodules were observed in 16.3% of the cases of the fibrocollagenous type of dermatofibroma (p＜0.05).
The results of the current study are consistent with the previous reports on the clinical features of dermatofibroma. However, we observed several characteristic subtypes of dermatofibromas and we compared the frequency of the histologic subtypes. We assume the reason why most of the statistical results were nonsignificant was the small sample size in our study. Consequently, we suggest that a larger study or a multicenter-based study is needed to identify more subtypes, such as osteoclastic and epithelioid dermatofibroma, and to more accurately analyze the correlation between the subtypes and clinical/histologic features.
